Abstract Kutajarista is an Ayurvedic fermented herbal formulation prescribed for gastrointestinal disorders. This herbal formulation undergoes a gradual fermentative process and takes around 2 months for production. In this study, microbial composition at initial stages of fermentation of Kutajarista was assessed by culture independent 16S rRNA gene clone library approach. Physicochemical changes were also compared at these stages of fermentation. High performance liquid chromatography-mass spectrometry analysis showed that Gallic acid, Ellagic acid, and its derivatives were the major chemical constituents recovered in this process. At 0 day of fermentation, Lactobacillus sp., Acinetobacter sp., Alcaligenes sp., and Methylobacterium sp. were recovered, but were not detected at 8 day of fermentation. Initially, microbial diversity increased after 8 days of fermentation with 11 operational taxonomic units (OTUs), which further decreased to 3 OTUs at 30 day of fermentation. Aeromonas sp., Pseudomonas sp., and Klebsiella sp. dominated till 30 day of fermentation. Predominance of c-Proteobacteria and presence of gallolyl derivatives at the saturation stage of fermentation implies tannin degrading potential of these microbes. This is the first study to highlight the microbial role in an Ayurvedic herbal product fermentation.
Introduction
Kutajarista is a polyherbal Ayurvedic formulation prepared traditionally by the process of alcoholic fermentation. It is widely known for its role in the treatment of chronic diseases like amoebic dysentery, piles, and intestinal parasite infestation [9, 29] . In Ayurvedic formulation, fermentation of asava (fermented decoctions) and arishta (fermented infusions) is brought by slow decomposition process of organic compounds and liquefaction of mucilaginous substrates like cellulose and pectin. This slow process also helps in extraction of wide range of active ingredients from herbal formulations [32] .The process of fermentation is mainly initiated by the addition of dhataki flowers (Woodfordia fruticosa kurz) which act as source of yeast for fermentation [2, 21] .
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Recently, there has been increased interest in standardisation of these herbal preparations to ensure consistent supply of high quality of Ayurvedic products [16, 30] .Chemical changes during fermentation of herbal medicines like Arjunarishta [16, 30] , Abhayarishta [17] , Kutajarista, and Jirakadyarishta [18] have been studied in detail. These studies have also led to the identification of chemical markers which can be a characteristic fingerprint of plant or constituents of these herbal preparations. Like other alcoholic fermentation processes, Ayurvedic fermentation is also driven by yeast. However, there are very limited or no studies which highlight the microbial composition in these fermentation processes. One report dates back to 1977, where an attempt was made to isolate fermenting microorganisms from asava and arishta [2] . Identification and characterization of an appropriate starter culture can help in driving the fermentation of these herbal formulations towards desirable functional characteristics like consistent industrial quality and improvement in extraction of drug molecules in aqueous milieu [29] .
Comprehensive microbiological characterization of these herbal formulations has not been carried out till date. Culture based approaches are laborious, have low throughput, and may miss bacterial species with unique or unknown growth requirements [24] . Alternatively, 16S rRNA gene based typing provides reliable and rapid glimpse of microbial consortia involved during these fermentation processes [1, 20] .
In this study, we have employed a culture independent approach by preparing 16S rRNA gene clone library, in order to understand the microbial composition during the process of fermentation of Kutajarista. To the best of our knowledge this is the first study of this kind.
Materials and Methods

Collection and Quality Assessment of Fermented Samples
All samples were collected from Ayurvedic Rasashala, an Ayurvedic company located in Pune, India. Samples were collected at different time points (0, 8, and 30 days) in a sterile container. Sampling period was designed logically in order to assess the microbial and major chemical dynamics in the beginning (0-day), active phase of fermentation (8-day) , and at the stage of saturation (after 30-days). Physicochemical parameters such as pH, specific gravity, titratable acidity, sugar content, and alcohol percentage of the samples were determined by quality control department of the company as per Central Council for Research in Ayurvedic and Siddha standards [9, 34] . For microbial community DNA isolation, samples were stored at -80°C.
DNA Extraction, Clone Library Preparation and Sequencing
Total DNA was extracted from 1 ml of samples using a QIAmp DNA Stool kit (Qiagen, USA) according to manufacturer's guidelines with slight modifications. 1) Samples were given Proteinase K treatment for overnight at 55°C. 2) After buffer AL treatment, equal volume of phenol: chloroform: isoamyl alcohol (25:24:1) was added and then precipitated by isopropanol. The 16S rRNA gene was amplified from total DNA using universal bacterial primers 536F (5 0 -G TCCCAGCAGCCGCGGTRATA-3 0 ) and 1488R (5 0 -CGGT TACCTTGTTACGACTTCACC-3 0 ), cloned and sequenced as described previously [11] .
Phylogenetic and Microbial Diversity Analysis 16S rRNA gene sequences retrieved from respective clones were assembled and edited using ChromasPro version 1.5. All sequences were checked for chimeric artifacts using Mallard and predicted chimeras were further analysed by Pintail and Bellerophon. Multiple sequence alignments were performed using ClustalW version 1.8 and were manually edited using DAMBE for unambiguous alignment. 16S rRNA gene sequence subsets were selected based on initial results and then subjected to further phylogenetic analysis using neighbour joining method in DNADIST of PHYLIP (version 3.61). Operational taxonomic units (OTUs) were determined using DOTUR. Total 1,000 bootstrap replicates were generated and a consensus tree was made. Phylogenetic dendograms generated were further viewed by using MEGA version 4.0. Representative sequences were assigned GenBank accession numbers (GenBankID: HQ875575 to HQ875614).
Diversity Indices and Rarefaction Analysis
Good's coverage was estimated using the formula [1-(n/ N)] 9 100, where N denotes the library size and n is the number of OTUs with single clone sequence. Diversity indices were calculated using Shannon's evenness index for general diversity (H' = -Upi x ln pi) and the Simpson dominance index (SI' = n (n-1)/N (N-1)) [33] . Rarefaction analysis was carried out using 16S rRNA gene sequences retrieved from the DOTUR analysis and rarefaction curve was generated to compare the saturation of OTUs within the selected sample size.
Chemical Analysis of Samples
To assess chemical changes during the process of fermentation, non targeted chemical profiling was carried out on HPLC-MS according to the previously published methodology [9] . Briefly, the alkaloid fraction was subjected to HPLC-MS using solvent system of acetonitrile: water (both containing 0.1 % acetic acid) at a flow rate of 1 ml/min. The MS experiment setup and data acquisition were conducted using the Mass Lynx software v 4.0.
Results
Physicochemical Parameters of Samples Collected at Different Days of Fermentation
Physicochemical parameters were found to in accordance with the prescribed limits ( Table 1 ). The pH of fermented samples changed from 4.24 to 3.96 during the period of 30 days, which is in line with previous work [9] . Decrease in sugar content and gradual increase in alcohol content implies active fermentation during this period (Table 1) .
Bacterial Dynamics During the Fermentation 16S rRNA gene library was constructed to analyse the change in composition of bacterial community during the fermentation at 0, 8, and 30 days.
Approximately 232 clones were sequenced for partial 16S rRNA gene for all three time points of fermentation. At 0 day, 74 % of sequenced clones belonged to genus Aeromonas, followed by Pseudomonas sp. and Klebsiella sp. We also found the presence of Lactobacillus sp. (Clone KA0D 7) at day of fermentation, which showed its close homology with an Lactobacillus isolate (Fig. 1) reported from distilled shochu [6] . The other genera detected by clone library (Table 2) at 0 day include Acinetobacter sp, Alcaligenes sp., Cupriavidus sp., and Methylobacterium sp. After 8 days, significant changes in the bacterial community were observed (Fig. 2) . A total of 11 OTUs were obtained, which were predominated by Aeromonas (67 % of the total sequences). Pseudomonas sp. and Bacillus sp. covered around 10 % of the sequenced clones, followed by Klebsiella sp. and Streptococcus sp. At the saturation point of 30 day, three OTUs were found. Aeromonas sp. constituted 80 % of the sequences followed by Pseudomonas sp. and Klebsiella sp. with 13 and 6 % of the sequences respectively (Fig. 2) .
Statistical Analysis
Good's coverage of sequences at 0, 8, and 30 day was 97, 84, and 100 %, respectively, which suggests that there is adequate library coverage for all the days of fermentation and there is only 3, 16, and 0 %, chances of finding a new clone, respectively, to fall in these libraries. Shannon's general diversity indices (represents evenness), for 0, 8, and 30 days were 1.02, 1.29, and 0.62, respectively, which suggest that diversity first increases from 0 to 8 day and then decreases from 8 to 30 days of fermentation. Simpson's dominance indices for 0, 8, and 30 days were 0.56, 0.46, and 0.65, respectively, which imply a decrease in species evenness at 8 day of fermentation. The rarefaction curve (Fig. 3) indicates that diversity was covered with good level of confidence.
Major Changes in Chemical Profile During Fermentation
At 0 day of fermentation the peak of m/z 169 and appearing at retention time (RT) of 6.50, was characteristic for Gallic acid (online resource 1), in concordance to our previous study. Eight day sample indicated presence of Ellagic acid (m/z 197) at RT 30.38 min in addition to Gallic acid at RT 7.67. After 30 days of fermentation we have also found gallolyl derivatives (m/z 169) with retention time of 13.28 and Ellagic acid at RT 30.82.
Discussion
The objective of this study was to identify the microbial composition during the course of fermentation of Kutajarista. We found the percentage of alcohol, specific gravity, and pH in these samples are in concordance to our earlier study [9] . According to one independent study, Ashvagandharishta and Aravindasava also have mean alcohol percentage between 9 and 11 % and a pH range from 3.6 to 3.8 [34] .
Results obtained from 16S rRNA gene clone library revealed slight different microbial composition in comparison to other fermentation processes or products; this can be attributed to the difference in the initial starting ingredient of the fermentation [20, 24] . In Ayurvedic medicines, asavas and arishta are prepared by different parts of the medicinal plant, such as roots, leaves or barks, which are cut into pieces and powdered or prepared by decoction [21] .
The presence of less abundant phyla in clone library like Acinetobacter sp., Alcaligenes sp., Cuprividus sp., and Methylobacterium sp. at initiation of fermentation (0 day) of Kutajarista, signify their ubiquitous presence in herbal sources. Similar to other fermentation processes, Lactobacillus sp. was also found in initial days of fermentation, which can be exploited for its beneficial activity. For instance, Lactobacillus sp. isolated from alcoholic fermentation of raffia wine has been examined for its immune stimulation activity in mouse model [7] . Previously, we have also reported probiotic attributes of Lactobacillus plantarum isolated from similar sources [15] . At 8 day of fermentation, presence of Streptococcus and Bacillus spp., indicated vigorous stage of fermentation, and reported to have pectinlolytic activity [12, 26] . Previously, role of c-Proteobacteria have been associated with various alcoholic fermentation processes, for example, Aeromonas sp. has been reported in the waste water of wine [27] , Pseudomonas sp. from brewery granules [14] , and Klebsiella sp. in ethanol production from lignocelluloses biomass [25] . Their persistence could also be because of their high cytosolic alcohol dehydrogenase activity, which helps in alcoholic fermentation [13, 23] . These species are also known to have high potential to utilize complex carbohydrates and amino acids to produce alcohol and organic acids [19, 25] . The presence of these species in Kutajarista fermentation may further imply their possible role in rapid fermentation of sugar and acidification during this observed period. Chemical analysis revealed this acidification process by the presence of Gallic acid, at initial stage, which was later transformed into ellagic acid and gallolyl derivatives. Gallic acid and its derivatives are polyhydric esterified form of tannic acids, which are degraded by microbial tannase or tannin acyl hydrolase. Among microbial species recovered in our study, Klebsiella sp. and Pseudomonas sp. have been reported for their potential to degrade tannic acid to gallic acid [4] , [8] . Streptococcus sp. [22] , Bacillus sp. [28] , and some species of Enterobacteriaceae family [31] were also found to be tolerant to higher concentration of tannins. A report on microbial diversity analysis for tannin bioremediation processes also revealed the presence of Pseudomonas sp. with high tannin degrading activity [5] . In general, biodegradation of tannin is associated with hydroxylation and production of aliphatic intermediates which can subsequently form metabolites of krebs cycle [5] . Specific modifications or transformation of these biodegradation mechanisms depend on the syntrophic association between different group of microbial species involved [4] . c-Proteobacteria have also been shown to be predominantly associated with efficient tannin or cellulose degradation into non toxic chemicals [3, 10, 31] . We have also isolated Saccharomyces cerevisiae strains, involved in alcoholic fermentation from these sources (unpublished data). Therefore, along with Saccharomyces cerevisiae, these consortia of microorganisms produce an array of enzymes capable of degrading chemical linkages in plant polymers for alcohol production and extraction of active drug in aqueous milieu.
In conclusion, this is the first study to highlight the dynamics of microbes and its potential role at initial days of fermentation of Kutajarista. Exhaustive sampling and further in depth chemical analysis from other Ayurvedic natural products, may further lead to isolation and industrial exploitation of microbes or consortia of microbes. 
